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Observations from a suite of platforms deployed in the coastal ocean south of Martha’s 
Vineyard are being combined with numerical models and simulations to investigate the 
processes that couple the atmosphere and ocean in low to moderate wind conditions. 
 

The need to better understand and model 
the interdependence of the ocean and 
atmosphere has long been recognized in the 
climate and weather communities.  Work has 
been carried out to investigate how the upper 
ocean responds to the atmosphere, leading to 
1-D models of upper ocean response to the 
atmosphere (e.g., Kraus and Turner, 1967; 
Price et al., 1986) and more recently to fully 
three dimensional (3-D) ocean boundary layer 
(OBL) models employing closure schemes 
similar to those used in the atmospheric 
boundary layer (ABL; e.g. Mellor and 
Yamada, 1982; Large et al., 1994).  However, 
progress on fully two-way coupled models has 
been slower, particularly on shorter, weather-
related, timescales.  

There are a number of reasons for this, 
e.g., the dynamics of the coupled marine 
boundary layers are driven by a myriad of 
processes (Fig. 1) that impact the exchange of 
momentum, heat and mass.  However, the 
parameterizations required to simulate these 
processes contain too much uncertainty, and 

oceanographic models of the ocean surface are 
not sufficiently advanced to provide the 
necessary surface boundary conditions.  
Additionally, observations of the marine 
environment lack the necessary temporal and 
spatial resolution required to initialize these 
models.  As a result, there has been 
insufficient evidence that the inclusion of a 
dynamic ocean would improve 3-5 day 
atmospheric forecasts.   

 
Figure 1.  A few of the physical processes governing air-sea 
exchange across the coupled boundary layers. 
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Figure 8-9 The main components of the brightness temperatures, observed by passive microwave radiometer in a satellite,
are expressed by four terms in the radiative transfer equation. Source: Swift and Cavalieri 1985.

There are several algorithms for estimation of sea ice concentration from brightness
temperature observed in several channels and both polarizations (Steffen et al. 1992). An
example is NORSEX-85H, which is an extension of the NORSEX algorithm developed by
Svendsen et al. (1983) based on the SMMR data available from 1978 to 1987. The 85H
version takes advantage of the improved spatial resolution of the 85 GHz channels pro-
vided by the SSMI system now in operation (Svendsen et al. 1987). The NASA Team algo-
rithm, developed by Cavalieri et al. (1984, 1991), has been widely used and runs operation-
ally to produce daily ice concentration maps. Other algorithms include the Bootstrap algo-
rithm by Comiso (1995) and Comiso et al. (1997), the AES York algorithm (Rubinstein et
al. 1994), and more recently the SEALION algorithm for Antarctica (Kern 2001) and the
ARTIST algorithm (Kaleschke et al. 2001). The two latter algorithms address particularly
the effects of weather on the 85-Ghz channel. The algorithms use different combinations of
sensor channels, polarizations and tie points. The main outputs are concentration of total
ice cover, first-year fraction and multiyear fraction. The first algorithms developed in the
1980s have undergone various degrees of validation over many years (Steffen et al. 1992),
and are generally robust for retrieving total ice concentration. The accuracy is on the order
of 5% during winter conditions, increasing to more than 10% in the melt season, assuming
a sampling scale of about 30 km. Retrieval of fractions of multiyear and thin ice types has
been proposed, but with less accuracy. Newer algorithms have focused on use of the 85-
Ghz channel for higher resolution of the concentration (typical sampling scale of 12 km)
and improved correction of weather effects that impact this channel. Examples of applica-
tions are presented in the next section.

8.5.2 Global and Regional Ice Area Analysis of Merged SMMR and SSM/I Data

The brightness temperature data from the SMMR (1978–1987) and the SSM/I (1987 to
present) have been used to establish merged time series for calculation of total ice concen-
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Needed for: 

• Satellite retrievals (sea-ice, water 
vapor, …)

• Data Assimilation of Satellite 
radiance observations

• Air-sea heat and momentum 
exchange

• Gas exchange : pCO2, …

SKIN SST



6

thermally stratification due to diurnal warming 

a thin cool-skin layer  

Directly assimilated radiance observations (IR) which measure Skin SST

GEOS-ADAS: SKIN SST
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GEOS-ADAS: NEAR-SURFACE THERMAL STRATIFICATION
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Further details…

•Akella et al., 2017, “Assimilation for skin SST in the NASA GEOS atmospheric data 
assimilation system”. Q.J.R. Meteorol. Soc. doi:10.1002/qj.2988

•C Gentlemann and S Akella, 2017, “Comparison of NASA GEOS-ADAS diurnal warming 
to SEVIRI and AMSR2 retrievals”. Accepted with major revisions, JGR Oceans. 

•GMAO Tech Memo., Vol.44: https://gmao.gsfc.nasa.gov/pubs/docs/Akella873.pdf
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GEOS-ADAS: SKIN SST

https://gmao.gsfc.nasa.gov/pubs/docs/Akella873.pdf
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GEOS-DAS: ATMOSPHERE-OCEAN COUPLING
Ocean Components:

• GFDL MOM-5 ocean GCM coupled to the GEOS AGCM

• An ensemble based ocean analysis 

Separate atmosphere & ocean analyses 
• Latency of ocean observations
• Slower time-scale of (deep) ocean
• Direct assimilation of satellite radiance observations requires surface-ocean;        

not so much the deep ocean
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GEOS-DAS: ATMOSPHERE-OCEAN COUPLING
Preliminary Results: Ocean 

• A single temperature observation (10S, 15W, -10M) 

• increment of 0.75C

(a) (b)

+2Hrs +8Hrs
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GEOS-DAS: ATMOSPHERE-OCEAN COUPLING
Preliminary Results: Atmosphere 

• A single wind observation (15S, 15W, 950hPa) 

• increment of 5 m/s

(a) (b)

+2Hrs +8Hrs
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SUMMARY

• GEOS DAS assimilates Skin SST using radiance observations

• Atmosphere-only to a Atmosphere-Ocean Coupled Data Assimilation System

✴ Coupled AO-GCM

✴ Coupled atmosphere and ocean analyses

• Preliminary results show cross-component observational feedback

12
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Questions, Feedback, Suggestions 
Thank You!
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AIR-SEA FLUXES: OLR DIFFERENCES
with CERES/EBAF (Aug, 2015)

Importance of diurnal cycle

Monthly mean

Importance of diurnal cycle

Monthly mean
Need DIURNAL validation… however 
few oceanSITES locations and not NRT.

This section’s seventh figure compares August 2015 OLR di↵erences from FP minus CERES/EBAF (left)
and x0016 minus CERES/EBAF (middle); the right panel shows the absolute di↵erences of x0016 and
FP against CERES/EBAF. The absolute di↵erence with CERES/EBAF indicates that the x0016 run is
closer to the CERES/EBAF validation data than FP in most of the area. A possible factor for this OLR
di↵erence between x0016 and FP could their di↵erences in SST.

The eighth figure shows the di↵erence in SSTs
between FP and x0016. While the configuration
of x0016 and FP is quite similar, this figure
shows FP being mostly warmer. This di↵erence
is driven by the use of the skin layer analysis
over ocean and more updated sea surface
temperatures (SST) data in the x0016 run.

Di↵erences in OLR between FP (no skin layer
analysis) and x0016 (with skin layer analysis)
are shown in the left panel of the ninth figure.
The right panel shows two separate experiments
with (a04 sa2012, top) and without (a01 sa2012,
middle) the surface skin layer analysis, with their di↵erences in the bottom sub-panel. These di↵erences
indicate that the use of the skin layer analysis in the x0016 could be one of the contributing factors for its
di↵erences in OLR with FP.

E5131 FP AND F513A RT REPRESENTATION OF ATLANTIC HURRICANE JOAQUIN

Hurricane Joaquin was the tenth named storm, third hurricane, and second major hurricane of the 2015
Atlantic hurricane season. This section’s first figure shows the f513a (left) and FP (right) analysis repre-
sentation of Atlantic 2015 Hurricane Joaquin’s sea level pressure (SLP, shaded) and 10m wind (vectors)

No Skin SST Analysis With Skin SST Analysis Absolute Difference

Courtesy: Gary Partyka


